ABSTRACT
Background Improving social circumstances (eg, an increase in income, finding a job or moving into a good neighbourhood) may reduce tobacco use, but robust evidence on the effects of such improvements is scarce. Accordingly we investigated the link between changing social circumstances and changing tobacco smoking using repeated measures data. Methods 15 000 adults with at least two observations over three waves (each 2 years apart) of a panel study had data on smoking status, family, labour force, income and deprivation (both neighbourhood and individual). Fixed effects regression modelling was used. Findings The odds of smoking increased 1.42-fold (95% CI 1.16 to 1.74) for a one log-unit increase in personal income among 15-24-year-olds, but there was no association of increased smoking with an increase in income among 25+ year olds. Moving out of a family nucleus, increasing neighbourhood deprivation (eg, 1.83-fold (95% CI 1.18 to 2.83) increased odds of smoking for moving from least to most deprived quintile of neighbourhoods), increasing personal deprivation and moving into employment were all associated with increased odds of smoking. The number of cigarettes smoked a day changed little with changing social circumstances. Interpretation Worsening social circumstances over the short run are generally associated with higher smoking risk. However, there were counterexamples: for instance, decreasing personal income among young people was associated with decreased odds of smoking, a finding consistent with income elasticity of demand (the less one's income, the less one can consume). This paper suggests that improving social circumstances is not always pro-health over the short run; a more nuanced approach to the social determinants of health is required.
INTRODUCTION
Social position determines health status. 1 In most rich countries, lower socioeconomic position is associated with worse health status and a 'poorer' risk factor profile. For example, smoking is more common among low-income groups and deprived populations in New Zealand. 2 3 A standard or generalised social determinants perspective 1 might suggest that improving peoples' education, income and other socioeconomic resources will result in improved health, including, presumably, through pathways such as quitting smoking. For example, according to Lawlor et al 4 : "Persistent smoking among the most deprived members of society may represent a rational response to their life chances…. Health promotion initiatives designed to reduce smoking among members of these groups may continue to fail unless the general health and life chances of such individuals are first improved."
However, the connection between social circumstances and smoking is not straightforward. Consider income. A large body of evidence exists that increasing the price of tobacco will reduce consumption and more so among lower socioeconomic groups. 5 6 The corollary of this is that, all other things equal (ceteris paribus), increasing income will be associated with increased smoking as one's disposable income goes up. Indeed, for young adolescents, a positive association has been found between a higher disposable income and smoking. [7] [8] [9] This equates to an 'income elasticity' of demand for tobacco that, presumably, mirrors the price elasticity and, at least in the short term, runs contrary to the notion that health (or in this case, risky behaviour) uniformly improves with improving socioeconomic position. The aim of this paper is therefore to test the short-run causal associations of a change in social circumstances with a change in smoking behaviour.
Causal associations between social determinants and health can be thought of over the short run and long run, and they may be in opposite directions. For example, a short-term increase in income may be associated with a temporary increase in consumption of 'bad' behaviours (eg, smoking more, eating too much and drinking too much). However, if the increase in income is sustained over a longer time horizon, this may change the incentives faced by the individual. In other words, the expectation of a more comfortable existence stretching into the future may increase the marginal utility of investing in health and longevity (ie, by stopping smoking). 10 11 Generating robust evidence free of confounding on either the short-run or (especially) long-run causation is difficult. Randomised trials are difficult to conduct. Therefore, we have to rely on other study designs. One such study design for testing short-run associations is a panel study or repeated measures. 12 13 As the same individuals are repeatedly assessed over time, it is assumed that all timeinvariant covariates (eg, intelligence, early childhood exposures, personality, etc.) are controlled, and one can make stronger causal inference interpretations about any change in outcome (in this study, smoking behaviour) associated with change in exposure (in this study, social position determinants: family status, labour force status, income and deprivation).
There is surprisingly little published evidence using such a panel study design wherein both a change in social exposure and a change in health outcome are studied. The studies that have researched the temporal relation between a change in social determinants and a change in smoking behaviour have generally focused on change in marital status, suggesting marital dissolution increases the risk of smoking in both men and women. [14] [15] [16] [17] [18] The association between changes in employment status, income and deprivation and smoking patterns is less clear. For example, while Virtanen et al 19 found employment trajectory to be (variably) associated with alcohol consumption, body weight, physical activity and sleep duration, it was not significantly associated with smoking. Stable employment has been linked with moving from smoking into non-smoking, although the same study found no association of changes in individual or household income with changes in smoking behaviour. 17 Increasing exposure to financial strain (a similar measure to deprivation) has been demonstrated to be associated with a higher likelihood of smoking, particularly among the young-old generation (65-74 years old). 20 But overall evidence on the association between changes in employment status, income and deprivation on changes in smoking seems to be scarce.
In the present study, we examine the association of changing social circumstances (family status, labour force status, income and deprivation) with two aspects of smoking behaviour in a panel study of 15 000 adults (aged 15+), namely, (1) smoking: yes (current) or no (ex-smoker or never-smoker); and (2) number of cigarettes smoked per day. We used fixed effects analyses that remove all observable and unobservable timeinvariant confounding, allowing a more robust assessment of causal associations than is possible with non-repeated measures data-at least over the short run.
METHODS Data
This study is a longitudinal analysis of waves 3, 5 and 7 from the Survey of Families, Income and Employment (SoFIE). This nationally representative longitudinal survey of the usually resident population living in private households was conducted from 2002 to 2010 in New Zealand. 21 Information on individual and family factors such as labour force status, education, marital status and income was obtained during annual face-to-face interviews. In waves 3, 5 and 7 of SoFIE, a detailed health module included smoking questions. The initial SoFIE sample comprised approximately 11 500 responding private households (response rate of 77% at wave 1). Over 22 000 adults responded in wave 1 and just over 16 000 in wave 7. In this paper, eligible respondents were those aged 15+ years who responded to all of waves 3, 5 and 7, plus those responding to just waves 3 and 5 and just waves 5 and 7 (N=17 140).
Exposure measures Income
Annual personal income was derived by adding up gross annual incomes from employment earnings, self-employment earnings, government transfers, interest from bank and/or other accounts, personal investments, private superannuation and pension schemes and other regular or irregular received income sources. We modelled both total household income (equivalised for economies of scale using a New Zealand-specific index) and personal income. Both measures were adjusted for inflation and log-transformed prior to modelling.
Family status
The family status of a respondent was based on circumstances at the time of the survey and included a couple without child(ren), a couple with child(ren), sole parent with child(ren) or not living in a family nucleus (eg, living alone or in a flatting/house share situation). If a young person, aged 16, is living at home with his/her parents, he/she will be classified as living in a couple with child(ren) family.
Labour force status
Respondent's labour force status was classified as employed, unemployed (but actively seeking for a job) or inactive. The latter inactive category is heterogeneous, including those people 'out of work' but not actively seeking work, caregivers (eg, parents), students and the retired.
Neighbourhood deprivation
A 2006 census-based measure of neighbourhood deprivation, using an index of nine census variables (eg, benefit receipt, income) averaged across about 100 people living in the smallest census enumeration area (ie, meshblock), 22 was assigned to each respondent and classified as quintiles-and allowed to change if respondents moved between waves. This variable is therefore a relative ranking of neighbourhood deprivation.
Personal deprivation
An eight-item measure of personal deprivation (eg, not being able to afford fruit and vegetables, using a food bank) 23 was asked of all respondents at each of waves 3, 5 and 7. The questions address moderate-to-severe personal deprivation, meaning that the measure can be considered akin to an absolute measure of hardship. The majority of people answered 'no' to all eight questions and were classified in the referent 'nil' personal deprivation category. The remaining respondents were classified as 1 to 2, or 3+ 'yes' answers with the 3+ category being the minority of people with severe personal deprivation.
Self-rated health
Five category answer to the question: "In general would you say your health is: excellent, very good, good, fair or poor?"
Outcome measures Smoking status
Respondent's smoking status was classified as never-smoker, ex-smoker or current smoker based on two questions: "Do you regularly smoke one or more tobacco cigarettes a day?" and "Ever been a regular smoker of one or more cigarettes a day?". For the fixed effects analysis, never-smokers and ex-smokers were grouped together, meaning that predictors of change from not currently to current smoker were modelled.
Number of cigarettes smoked per day
For current smokers, the number of cigarettes per day was determined by asking: "About how many cigarettes do you usually smoke a day?" Response categories were up to 4 per day, 5-9 per day, …., 40-44 per day and 45 or more per day. These were coded into midband rates, 2, 7, …., 42 and 47, and modelled as a continuous outcome in linear fixed effects regressions.
Analyses
All analyses were conducted using individual unit data in Statistical Analysis System (SAS) Enterprise Guide in the Statistics New Zealand data laboratory. Fixed effects regression models were used to estimate the relationship between a change over time in each of the exposure variables and a change in the two outcome variables. For example, for a logistic regression model of the outcome variable smoking/non-smoking, an OR of 1.5 for the natural logarithm of personal income means that someone who increases his/her income by 170% (exp [1] =2.7) has a 50% higher odds of becoming a smoker than someone who has experienced no change in his/her personal income. (Interpreting parameters for categorical variables is more complicated and will be elucidated in the results below using family status.)
We used a sequence of models: (1) family and labour force status (modelled first as considered causally prior to any impact on change in remaining socioeconomic factors); (2) plus household income; (3) as household income is usually not important, we substitute it with personal income; and (4) model 3 plus remaining deprivation variables.
We also split the sample into 15-24-year-olds and 25+ year olds. As most initiation of smoking has occurred by age 25, 24 the fixed effects regression among 25+ year olds will reflect the net 'flow' of cessation (current to ex) and relapse (ex to current), and among 15-24 years, it will reflect more (but not exclusively) initiation.
RESULTS
The distribution of smoking at each wave, and transitions between waves, is shown in table 1.
Among respondents with complete data, 19.2% were current smokers at wave 3 reducing to 17.0% at wave 7, although these cross-sectional prevalences hide many of the between-wave transitions. Around 2% of respondents either started or stopped smoking between waves-with slightly more stopping, leading to the modest reduction in smoking prevalence over time. The mean number of cigarettes consumed was relatively stable over time at about 13 cigarettes per day. Over half of continuous current smokers changed the number of cigarettes they smoked between waves and were equally split between increasing and decreasing.
The distribution of covariates is similarly shown in table 2.
Of most importance for the fixed effects analyses are those respondents experiencing change over time. Slightly more than 10% of respondents experienced a change in labour force status between waves, and up to a third of respondents experienced either a decrease or increase in log income (be it household or personal) of greater than half an SD. About 15% of respondents experienced some change in family status between waves. A quarter of respondents reported a change in personal deprivation level between waves, and 15% to 20% a change in neighbourhood deprivation between waves.
Odds of smoking Table 3 shows the results for sequential logistic fixed effects models with smoking status as the outcome variable.
As results change little for sequential addition of covariates, we first focus on model 4, including all covariates. The results for a categorical independent variable in a fixed effects model for panel data require careful interpretation. Consider the 'not in family nucleus' OR of 1.77 (95% CI 1.26 to 2.47). This means that someone changing from the referent category of 'couple only' to 'not in family nucleus' has a 77% greater odds of becoming a smoker than someone not changing his/her family status between waves. And conversely, someone shifting the other way ('not in family nucleus' to 'couple only') has a Note that all counts are random rounded to a near multiple of five as per Statistics New Zealand requirements; therefore, numbers in each column do not sum to exactly 17 140. *Includes 'current to ex' (n=390 for waves 3-5 and 420 for waves 5-7) and 'current to never' (n=55 and 70; while a nonsense transition disclosing some misclassification, we assumed they were truly 'current to ex'). †Includes 'ex to ex' and 'never to never' transitions, but also nonsense transitions (less than 1% of observations) of 'ex to never' and 'never to ex', which, while disclosing some classification errors, are still within the 'stayed non-smoking' category.
‡Missing cases not shown.
44% lesser odds (100%-100%×1/1.77). The interpretations for the two other non-referent categories are similar, and the OR for moving from 'couple only' to 'couple with children' is protective with a 95% CI just including the null (0.73, 0.53 to 1.02). Next, given the imposed mathematical structure of the fixed effects model, one can also calculate other transitions of interest, for example, the OR for 'couple with children' to 'not in family nucleus' is 1.77/0.73=2.42. Finally, one can assess the statistical significance of the overall family status variable with the type III p value, which in this case is highly statistically significant ( p<0.001).
Transition between waves from employed to inactive was associated with a 32% decrease in the odds of smoking (95% CI 12 to 47). The transition from employed to unemployed was associated with a 57% increase in the odds of smoking, but the 95% CI included the null (ie, 1.0). It is plausible that timevarying health status is confounding the association of moving into the inactive group with decreasing odds of smoking (eg, those becoming unwell may both move out of active labour force and stop smoking due to poor health). Therefore, we also ran model 4, including self-rated health, but the results barely changed (data not shown). As changes in smoking status up to 25 years of age are largely driven by initiation, and beyond the age of 25 largely by cessation and relapse, we tested for interactions of all time-varying covariates in model 4 with this age dichotomisation (see footnotes to table 3) and ran models separately by age (models 5a and 5b). The only statistically significant interaction was with personal income ( p<0.001), whereby a one-unit increase in the log of personal income (a 2.72-fold increase in personal income) was associated with a 1.42 increased odds of smoking among 15-24-year-olds (95% CI 1.16 to 1.74) but had no association among 25+ year olds (OR 0.99).
Regarding deprivation, if someone transitioned from nil to high personal deprivation between waves, his/her odds of smoking increased by 60% compared with someone with no change in deprivation (OR 1.60, 95% CI 1.12 to 2.27; model 4, table 3) and the type III p value was 0.028. Increasing neighbourhood deprivation, from shifting residence, was also strongly associated with increased odds of smoking for all ages combined. For example, moving from quintile 1 to quintile 5 was associated with a 1.83 increased odds of smoking (95% CI 1.18 to 2.83), and treating deprivation quintile as a continuous variable (given the mostly monotonic and linear association for the categorical specification) a one quintile increase in deprivation was associated with a 1.17 increased odds of smoking (1.06-1.30; footnotes to table 3). Table 4 shows the linear regression results for the number of cigarettes smoked per day, restricted to respondents smoking in two adjacent waves.
Number of cigarettes per day among smokers
Strong patterns are not evident. However, there is a strong impact of family status on the number of cigarettes consumed (type III p value=0.004 in the fully adjusted model). There is evidence that transitioning from couple only to becoming a sole parent is associated with an increase of smoking of 0.78 more cigarettes per day (95% CI −0.01 to 1.57) compared with no change in family status. The more conceptually relevant comparison though is moving from a couple with children to sole parent family. After changing the reference group in this analysis only, respondents transitioning from 'couple with children' to 'sole parent' family have an expected increase of 1.21 cigarettes (95% CI 0.53 to 1.89). Increasing personal deprivation was associated with reducing the number of cigarettes per day smoked, but the CI included the null. There was no clear association with increasing neighbourhood deprivation.
DISCUSSION
In the absence of randomised trials on the association of social circumstances with health, repeated measures data where one can observe whether changes over time in social circumstances are associated with changing health status present a strong study design for causal inference. We find strong associations of changing social circumstances with the odds of smoking, but only modest to moderate associations of changing social circumstances with the number of cigarettes smoked per day among respondents who continue to smoke. Table 5 gives a stylised summary of changes in smoking behaviour for what would be usually considered deterioration in social circumstances. First, the odds of smoking in response to income varies by age: increasing income increases the odds of smoking among young people (almost certainly through an initiation pathway) but has no detectable effect among older people. Decreasing income seemingly has no effect on the number of cigarettes smoked.
Second, increasing deprivation (both personal level and neighbourhood level) is associated with increased odds of smoking. Similar results were found by Shaw et al 20 , who showed that an increased experience of financial strain was associated with increased odds of both smoking and heavy drinking. Deprivation is not a synonym for income but is rather the consequence of income and many other determinants (eg, hardship, social exclusion). It seems plausible that the stress of personal deprivation, and perhaps, the contagion of neighbourhood deprivation (as deprived neighbourhoods in New Zealand have much higher smoking prevalence) cause people to start smoking-or make it less likely that they can stop.
Third, and as also shown previously in other studies, moving out of the family nucleus was also associated with increased odds of smoking in the present study. Sharing your life with a spouse or starting family life seems to have a positive impact on smoking behaviour 16 18 possibly due to concerns about secondhand smoking or experiencing the support of a partner when trying to quit, whereas dissolution of family life seems to encourage smoking 14 15 possibly as a result of not experiencing such support mechanisms. Moving out of the active labour force, however, was associated with reduced odds of smoking and did not appear to be due to time-varying confounding by health status. Other studies have either found no association between employment trajectories and changes in smoking behaviour 19 or associations between stable employment and trajectories from smoking to non-smoking. 17 Regarding the number of cigarettes smoked per day, associations were largely null.
Limitations
The advantages of fixed effects analyses of panel data come at a cost; statistical power is usually much diminished as the power now arises from people changing on both the exposure of interest and the outcome of interest. CIs in our study are accordingly much wider than they would be for a cross-sectional (but hopelessly confounded) analysis of 15 000 people. That said, our study was still powerful enough to detect associations (and many more than expected purely by chance) with CIs excluding the null.
Initial non-response and subsequent attrition (as is inevitable in a repeated measures study) means that about half of the initially intended population were still in the study by wave 7. Thus, selection bias, whereby the associations between variables observed among those remaining in the study are different from those not participating, is possible. However, we have shown elsewhere for the association of income with self-rated health that there appears to be no difference in the association among those leaving compared with those staying in the study. 25 Residual time-varying confounding is possible. But if one tracks the associations of each covariate with the outcome across models 1-4 in tables 3 and 4, the strengths of association hardly alter with addition of more and more covariates (and potential time-varying confounders). Thus, if our findings were prone to time-varying confounding, it would have to be for a variable uncorrelated with those we have already adjusted for, and with strong (time varying) associations with both exposure and outcome. This seems unlikely.
Policy implications
Price elasticity of demand is the foundation stone for tobacco taxation. Our study finds a consistent income elasticity of demand for young people only. This adds further support to the view that price and income are particularly important for initiation among young people. As young people leave home and increase their income, the risk of starting smoking increases, pointing to the importance of policies that restrict supply and marketing that acts as a trigger for youth with new money in their pockets.
Supporting a social determinant of health paradigm, we find that increasing deprivation ( personal or neighbourhood) is deleterious for the odds of smoking. More generally, simplistic expectations that improving social circumstances will always improve health are challenged by the findings in this paper (at least in the short run) and consistent with recent calls for more nuanced understandings of social determination and inequalities in health. 26 Particularly relevant in this instance are time scale (eg, the acute effects of changes in financial circumstances may differ from the long-run impacts on smoking of greater affluence) and the modifying effects of age. Regarding changes in income, our study is consistent with increased odds of smoking among young people experiencing an increase in income. Over the long run, we would anticipate longstanding improvements in income are more health promoting, consistent with social determinants theory. Longer duration follow-up of repeated measures than we were able to achieve is warranted by researchers with access to such data.
What this paper adds
▸ Social position determines health status. But the causal associations of changes in social factors with change in smoking behaviour are not well researched or understood. ▸ This paper uses a panel study with repeated measures to examine changes in smoking with fixed effects regression. ▸ Worsening social circumstances over the short run are generally deleterious for smoking behaviour, but not always so. For example, decreasing personal income among young people was associated with decreased odds of smoking, consistent with income elasticity of demand (the less one's income, the less one can consume). ▸ This paper suggests that improving social determinants is not always pro-health over the short run; a more nuanced approach to the social determinants of health is required. Updated information and services can be found at:
These include:
